The correct and complete diagnosis is essential for the adequate care and the favourable clinical evolution of the patients with head trauma. Purpose: To identify the error rate in the clinical diagnosis of head injuries as shown in comparison with the autopsy diagnosis and to identify the most common sources of error. Material and method: We performed a retrospective study based on data from the medical files and the autopsy reports of patients with head trauma who died in the hospital and underwent forensic autopsy. We collected: demographic data, clinical and laboratory data and autopsy findings. To quantify the concordance rate between the clinical diagnosis of death and the autopsy diagnosis we used a 4 classes classification, which ranged from 100% concordance (C1) to total discordance (C4) and two classes of partial discordance: C2 (partial discordance in favour of the clinical diagnosis-missing injuries in the autopsy reports) and C3 (partial discordance in favor of the necroptic diagnosis-missing injuries in the medical files). Data were analyzed with SPSS version 20.0. Results: We analyzed 194 cases of death due to head injuries. We found a total concordance between the clinical death diagnosis and autopsy diagnosis in 30.4% of cases and at least one discrepancy in 69.6% of cases. Increasing the duration of hospitalization directly correlates with the amount of the imaging investigations and these in turn correlates with an increased rate of diagnosis concordance. Among the patients with stage 3 coma who associated a spinal cord injury, we found a partial diagnosis discordance in 50% of cases and a total discordance in 50% of cases, possibly due to the need for conducting emergency imaging investigation and the need for surgical treatment. In cases with partial and total discordant diagnosis, at least one lesion was omitted in 45.1% of the cases. The most commonly omitted injuries in C2 cases were subdural hematoma, intracerebral hematoma and ventricular hemorrhage (21.6%). In C3 cases the most frequently omitted injuries were subarachnoidian hemorrhage and skull base fractures (17.9%). Conclusions: The clinical cause of death is not always concordant with the 456 | Velnic et al -Clinical diagnosis versus autopsy diagnosis in head trauma autopsy diagnosis. Autopsy may identify the inconsistencies in diagnosis, the injuries frequently skipped and the factors favoring the discordance rate between the clinical death diagnosis and the autopsy diagnosis, making it a valuable tool for improving the clinical care of the patients with head trauma.
Introduction
Head trauma involves nondegenerative and noncongenital lesions produced by external mechanical action, which can lead to permanent or temporary impairment of cognitive, physical and psychosocial functions, with a diminished or altered state of consciousness [51] .
Head trauma have the first place in the category of fatal trauma throughout the body, due to the fact that the cephalic extremity is frequently exposed to trauma, and the encephalus suffers more and more easily the fatal consequences of a traumatic force which, exerted on other anatomical regions, may cause insignificant lesions. The interest in this type of trauma is also increased due to the fact that the cephalic extremity is the region most exposed to assaults [3] .
In the United States of America, head trauma are the major cause of mortality and disability, representing about 30% and ranked third in all trauma-related deaths, with an increased prevalence among men. In the countries of the European Union, craniocerebral lesions are responsible for a fourfold increase in deaths than diabetes and cause more years of lost work than cancer, stroke and HIV combined [14, 15] . In România every 8 minutes a person suffers a head trauma, with an incidence of 300 cases per 100,000 inhabitants, with over 60,000 new cases annually [48] .
The inconsistency in the definition and classification of head trauma, along with discrepancies in data collection, made these lesions difficult to characterize epidemiologically [10, 33] .
The role of autopsy has been constantly changing over time [19] . Initially, the examination of the human body was essential for the development of anatomical knowledge and, subsequently, pathological anatomy. The autopsy has become a routine medical procedure starting with the second half of the 19th century. The autopsy has largely contributed to the development of modern medicine and medical education [9, 30] .
Currently, the autopsy rate in the world is variable, being conditioned by a number of cultural factors (especially those linked to religious beliefs), social, professional (the attitude of the population and health professionals) and legal [22, 29] .
In recent years, there has been a downward trend in autopsy rates throughout the world due to factors such as: technological advances in medical imaging, fear of medicolegal problems that might result from the discrepancy of the findings, population reluctance, and declining interest among doctors [2, 16, 36] .
However, studies show that the incidence of diagnostic errors remained relatively constant [23, 49, 55] , and autopsy is a fundamental tool of quality control in medical practice [5, 34, 25, 26] .
The general rates of discrepancy between ante and post mortem diagnosis identified by various research varies between 10 and 50% depending on the postmortem examination criteria, the complexity of the necropsy, the methods used for the assessment of the differences and the studied population [5, 6, 31, 34, 39, 41, 45, 54, 11] .
Material and method
The purpose of our study was to provide useful elements for improving the clinical diagnosis of cranio-cerebral lesions, an essential aspect in the evolution of traumatized patients and the most common sources of error.
We performed a retrospective study in which we compared the clinical diagnosis with the autopsy diagnosis, we analyzed the discrepancies between the two with the identification of the most frequently missed lesions as well as the factors that influence them. The study group consisted of 194 cases death caused by head traumas which underwent post-mortem examination at the Institute of Legal Medicine of Iasi in the period of time between 2013 and 2014. The cases examined were consecutive autopsies that met the following criteria for inclusion in the study: death in the hospital, the existence of an observation sheet containing the diagnosis of death reported by the physician, the existence of the autopsy report.
The data was collected from the observation sheets and from the autopsy reports and was grouped as follows:
-Demographic data: gender, age; -Clinical and paraclinical data: inpatient status, length of hospitalization, imaging investigations performed, cranio-cerebral injuries recorded in the clinical observation sheet;
-Post-mortem examination: traumatic injury circumstances, cranial and cerebral lesions recorded in the autopsy report, association with other traumas.
For the quantification of concordance (C) between the diagnosis of death recorded in the observation sheet and the diagnosis of death concluded after performing autopsy we used the classification in 4 classes, from 100% concordance to total discordance, as follows:
-Class 1 (C1): 100% concordance between hospital diagnosis and death diagnosis as a result of autopsy; -Class 2 (C2): partial discordance in relation to the lesions found in favor of clinical diagnosis (omission of the lesions occurred in the autopsy report); -Class 3 (C3): partial discordance in relation to the lesions found in favor of the autopsy diagnosis (omission of the lesions occurred in the clinical observation sheet).
-Class 4 (C4): total discordance between the hospital diagnosis and the diagnosis of death as a result of autopsy.
The collected data was analyzed with the program SPSS version 20.0, and the correlations were calculated through many methods: Pearson coefficient, Spearman coefficient, Kendall coefficient, Fische Exact; cross -tabulation, Chi -Square test.
Correlations were considered statistically significant for p<0.0006 and with a statistically significant trend for p<0.0009.
Results and discussions
The study group consisted of 194 cases. The analysis of the number of cases per year showed a decrease in the number of cases of traumatic head injuries examined postmortem in 2014 (82 cases) compared to 2013 (112 cases).
The descriptive analysis of the group revealed the following gender composition: 156 men (80.4%) and 38 women (19.6%), with a gender ration of 4,1:1, consistent with data in specialized literature, indicating a 1,4: 1 in USA and 2,4:1 in Europe in favour of male gender [52, 53] .
The mean age of the cases included in the study was 58.72 years old with a calculated standard error of 1.45 years (the median of 62 years old). We divided the patients in two categories: over and under 65 years old (with the view to analyze the existing correlation between association with other trauma and age) and thus we obtained the fact that 61.9% of the patients were under or even 65 years old and 38.1% of the patients were over 65 years old.
For the studied group, depending on gender and age groups, we found a statistically significant correlation ( p< 0.0002) that is an increased incidence after the age of 65 in female gender (23 cases out of 38), respectively in the age group under 65 years of age for male gender (105 cases out of 156).
As far as the hospitalization status is concerned, we have obtained the following results: 6.7% of patients were admitted with a grade I coma, 7,7% of the patients with a grade II coma, 25,8% of the patients with a grade III coma, 45,4% of the patients with a grade IV coma, 6,2% of the patients were conscious and 8,2% showed a confusing-aphasic syndrome.
Of the patients with a hospital stay less than 24 hours, 66,7% were at grade 4 coma (GCS 3). Gennarelli et al. showed in a study that the mortality rate for those with an initial GCS of 3 was 78.4%, for an initial GCS of 4 it was 55,9%, for an initial GCS of 5 it was 40,2%. There has also been a progressive increase in mortality in those who came in emergency units with GCS of 3-8 [18] .
The average number of days of hospitalization was 7.42 (with a median of 6 days). Thus, the records show that 10,8% of the patients were hospitalized for a period of time under 24 hours, 15,5% of the patients for a period of time between 1 and 3 days, 33,5% for a period of time pf 4-7 days and 40,2% were hospitalized for more than a week. The data obtained is similar to the ones in specialized literature, where 14% of the patients survived less than 24 hours [42] .
Regarding the complex imaging paraclinical investigations that were performed (CT, MRI) we found that 92.8% of the cases had a CT performed, 0.5% had a CT and an MRI and 6.7% had no imaging investigation performed. It can be noticed that no patient has performed only MRI as a method of imaging investigation.
Previous studies show that the presence of CT anomalies would have a predictive positive value of 77% -78% compared with an unfavorable result in severe cranial trauma patients with a GCS score below 8 [38] .
Based on the analysis of the autopsy reports, the results show that the circumstances when the cranio-cerebral injuries occurred were the following: 13.9% road accidents as a pedestrian, 4.1% road accidents as passesger in a vehicle, 1% by rail accident, 43.3% by falling from the same height, 14.9% by falling from an average height, 8.2% by falling from big height, 4.1% being hit with a blunt object, 3.6% being hit with fists and kicked and 6.7% in unknown/ unclear circumstances.
Comparing the results obtained with most data from the literature, we notice that they are similar because the main cause of the head injuries is represented by falls followed by road accidents and injuries. Catherine Heim et al. found that the main traumatic mechanism was 40.4% of road accidents motivating this difference from the other studies, due to the fact that the hospital in which the study was conducted was located in the proximity of one of Switzerland's most circulated motorways [8, 32, 29] .
In our study 39.7% of the patients also associated other trauma as follows: 3.1% vertebro-medullar trauma, 2.6% facial trauma, 6.7% thoracic trauma, 0.5 % abdominal trauma, 1.5% upper limb trauma, 1% lower limb trauma and in 24.2% of the cases head injuries occured in the politrauma.
The analysis of the correspondence between the diagnosis of death established by the clinician and that recorded by the forensic doctor after the autopsy revealed perfect concordance in 30.4% of the cases (59 cases) and at least one discordance in 69.6% (135 cases).
For 16.5% of cases, there were partial disagreements in favor of the diagnosis established by the clinician, and 47.9% had partial disagreements in favor of the diagnosis established by the forensic doctor, while 5.2% of the cases were totally discordant.
By comparing the results with those of other studies, we note that Tavora et al. identified major discrepancies in 17.2% of cases, stating that the rate of discordance was even higher in private autopsy. The results of our study do not differ statistically significantly in the correlation with the patients' gender [16] .
Another study obtained by comparative analysis in a group of 879 patients, 558 cases with perfect concordance, 123 cases with total discordance, 116 cases of partial discordance and 82 with clinically unknown diagnosis. Sblano et al. consider that most cases of total discordance (34.85%) are due to organizational deficiencies or due to clinical errors [44] .
The correlation between the paraclinical investigation indicator and the duration of hospitalization following the cross tabulation is statistically significant (p <0.0002), meaning that the number of cases in which paraclinical investigations were performed increases with the increase in the duration of hospitalization. Although the value of imaging investigations in head injuries diagnosis is currently recognized in a meta-analysis that reviewed 18 articles published between 1972 and 2000, it was shown that 4 of the studies in which discrepancies were recorded point out that they were the result of wrong imaging diagnostic [42] .
The correlation between the factor of paraclinic investigation (CT, MRI) and the association with other trauma, following the cross tabulation, is significantly higher statistically (p<0.0001), meaning that the number of cases in which there were paraclinic investigations performed increased proportionally with the association of another trauma.
The correlation between age and the association with other traumas following the statistical analysis proved to be a statistically significant trend (p<0.0006), in the sense that patients aged under 65 were more likely to associate facial, upper limb, lower limb or polytrauma.
By comparing the diagnostic concordance with the traumatism circumstance we noticed that the latter remained constant on each class of concordance, namely the occurence of the trauma by the fall of the same level with a percentage of 31.2% and 53.8% in the case of the partial discrepancies, so the injuries produced were omitted more frequently in clinical observation sheets. The correlation, on selected cases with IV coma, between the duration of hospitalization and concordance rate is statistically significant ( p<0.0005).
Increased length of hospitalization is directly correlated with increased diagnostic concordance, probably because the medical team has more time to investigate cases. Also, with the increase in the duration of hospitalization, the type C3 concordance decreases which means that the clinical diagnoses correspond more closely to the diagnoses established after the autopsy. These results also correspond to the correlation found between the length of hospitalization and the imaging investigations performed.
Other studies have shown a decrease in discordance as follows: 27% for those hospitalized under 24 hours, 18% for those hospitalized between 1 and 7 days and 11% for those hospitalized over 1 week [43] .
The correlation, in the cases selected with patients in the grade III coma, between the diagnosis concordance and the association with other traumas, is statistically significant (p<0.0009) which may mean that a multidisciplinary approach to assessing a patient with head injuries avoid omitting the lesions.
In cases with partial discordance where omission of lesions occurred more frequently in the autopsy reports, the subarachnoid haemorrhage was the most frequent 22,1%, followed by basal skull fracture 15,7% and intraventricular haemorrhage 11,1%, the omission of extradural haemorrhage diagnostic being placed last (5,3%). The percentages were calculated according to the number of cases from which the lesion was missing, taking into account that 45.1% of cases had a single lesion omitted, 24.5% had 2 omitted injuries and 30.4% had at least 3 missed injuries.
The most common lesions omitted in C3 cases are subarachnoid haemorrhage-about 23,7%, basal skull fracture -17,9% extradural haemorrhage, with 3,3%.
The incidence of missed lesions was estimated in some studies between 1,4% and 65% and it depends on the group studied, its definition and follow-up measure [20, 21, 28, 36, 37, 22, 40, 50] .
Steinwall D. et al. demonstrated in a study that aimed to assess what existing and clinically undiagnosed lesions in traumatic emergency departments cause death and contribute to a reserved prognosis that a number of lesions remain undetected but discovered only after autopsy, thus underlying the fact that autopsy remains an important tool in assessing traumatic emergencies. However, in only a few cases, patients who had undiagnosed / omitted lesions had a negative effect on clinical outcomes [13, 17, 27 ]. In the same study, the CT scan imaging in the case of a patient missed major cranial trauma diagnoses showing only diffuse cerebral edema. The autopsy report completed the diagnosis with a basal skull fracture (located in the left and occipital temporal fossa), subarachnoid haemorrhage and left temporal lobe contusions, none of these lesions being reported in the observation sheet and CT reports. In 3 of the 4 cases presented in Steinwall D. et al. the cause of death was major cranial trauma in association with other traumas [13, 17, 27] .
Some studies have shown that inadequate clinical evaluation and radiological errors are the two major factors contributing to the omission of diagnostics [12, 16, 24] . Sharma et al. concluded in a study that blunt trauma and incomplete clinical examination are major factors in omission of diagnostics [46] . Other studies have shown that factors such as the degree of severity of the lesion, intubation, and damage caused by blunt objects, road accidents and an altered consciousness state were significantly associated with omission of lesions [4, 7, 21, 28, 35, 36, 37] . Albrektsen and Thomsen reported a rate of omitted lesions of 34%, but only included lesions considered clinically insignificant [1] .
These variations suggest that no clinical evaluation can estimate the real magnitude of missed diagnoses without an autopsy.
In a study by Sharma BR et al. we notice that cranio-cerebral injuries are ranked second in the omission of diagnostic with a percentage of 25% in the emergency department and 33% in the hospital and an average of 28,72% on total cases.
The most frequently omitted craniocerebral lesions are, according to Sharma BR et al.: subdural hematoma (11,70%), epidural hematoma (3,19%) , cerebral dilaceration (8,51%) and diffuse axonal lesion (5,32%) [47] .
Chao-Wen Chena et al. appreciates that the most commonly involved region of the body that has omitted lesions is the head/ neck followed by the chest and limbs. From the 93 lesions omitted at this level, 29 were facial and 17 of which had important clinical significance. Most of the patients included in this study were young, with high lesion severity score and poli-traumatic association [35] .
Conclusions
Head injuries are ranked first in the category of fatal trauma throughout the body due to the fact that the upper extremity of the body, the cephalic extremity, is easily exposed to trauma, and the encephalus suffers more often and more easily the fatal consequences of a traumatic force which, when exerted on other anatomical regions, can cause insignificant lesions. The interest in these traumas is also increased due to the fact that the cephalic extremity is the region that is most exposed to hetero-agressions. Establishing clinical diagnosis is not always easy, given both the severity of the cranio-cerebral injuries, the rapidity of progression to a negative prognosis, and the complications that can occur, as well as its association with other traumas. The cause of death established by clinicians does not always correspond to the outcome of the autopsy performed by the forensic doctor. In our study, we identified a perfect diagnostic concordance in 30.4% of cases and at least one disorder in 69.6%.
For 16.5% of cases there were partial discrepancies in favor of the diagnosis established by the clinician (C2), 47.9% presented partial discrepancies in favor of the diagnosis established by the forensic doctor (C3) and 5.2% of the cases showed total discordance.
Increased length of hospitalization correlates directly with complex imaging investigations, and these in turn increase the diagnostic concordance rate.
The most common missed injuries in the diagnosis of death established by the treating physician are subarachnoid haemorrhage, the basal skull fracture, the last being the extradural haemorrhage.
The autopsy can, in addition to providing important information to the police investigation also identify the diagnostic discrepancies, frequently missed injuries, as well as those factors that favor discordance, thus being a valuable clinical audit tool.
The results of this study correspond to those obtained in the literature, which asserts that autopsy remains an indispensable tool for verifying the diagnostic quality, but also a tool for discovering those diagnoses considered to be a challenge. In all cases where the clinician remains doubtful about the certainty of death, it is a good idea to make an autopsy and thus to elucidate any suspicion. Thus, even in the era of modern diagnostic technologies, making regular comparisons between clinical and autopsy diagnosis can provide valuable, relevant information that could improve the management of traumatized patients.
